In this paper we give an algorithm for the Hitchcock transportation problems (HTPQ). The algorithm described below has been studied in connection with "Network transportation problems with quadratic costs functions (NTQ)" by I. Takahashi and "Algorithms for optimal allocation problems having quadratic objective function (APQ)" by authors. Takahashi proposed a procedure which involves successively minimizing the Lagrangian with respect to each of its dual coordinates. We investigated the fact that the algorithms for APQ can be used for maximizing procedure in NTQ and studied APQ in detail. We consider the application of algorithms proposed by authors to solving HTPQ. In particular we give several examples of relatively large-scale (3000-20000 variables) problems with computalional times (1-10 sec. on a HlTAC M-ISO computer for these large-scale problems).
Introduction
Hitchcock transportation problems with quadratic costs (HTPQ) are frequently used to model transportation systems [7] . [9] and energy systems [2] . [4] . The use of quadratie cost functions has been especially important in these models.
In this paper we givE~ an algorithm for HTPQ. The algorithm described below has been studied in connection with "Network transportation problems sense that the HTPQ is a special problem of NTQ. However, it is an extent ion upon which the, upper bound constraits on the variables is imposed (this constraint is essential for practical applications) and the efficient systematic algorithm for maximizing the Lagrangian is given (only a graphical algorithm is given in [11] ).
Such problems can of course be solved by the general quadratic progra.mming algorithms [6] . But the algorithm proposed here takes advantage of the specially simple nature of the constraints. It is also iterative in nature but whose computational requirements are significantly less than the general quadratic programming algorithms. m-sources and n-destinations problems require repeated solution of (m+n) linear search problems with respect to one variable. This is especially important for large-scale problems where the number of arcs (mxn) is usually much greater than the number of nodes Define the Lagrange function and its dual function associated with HTPQ. 
and the dual function D O.,fl) is written as 
Now we can summarize the algorithm as shown in Fig. 1 . The proof that * * this general algorithm converges, i.e., that the sequence (A , fl ), thE! optimal dual solution, can be found in [3] . The main part of the algorithm is the coordinatewise maximization process which finds the maximal point of
Thus the following equation are obtained on refering to (3.3). 
We define the index set A j associated with r j k k'
For simplicity, we shall drop the superscript j in the following discussion,
i.e., ai=a~, Si=S~, a=a j , S=sj, Yk=~' rk=r~ and Ak=A~
As it is easily seen that the function 0(\1.) is a non-decreasing piece- 
Remarks fo'r' Implementing the Algorithm
The algorithm in Fig. 1 We can easily show that the rank of Q, r(Q), is m+n-l. In fact, 
Computational Results
The algorithm developed above was coded in FORTRAM IV on a HITAC H-1SO
computer. The algorithm was tested with 144 randomly generated problenls. The demands and supplies were generated as follows: One hundred and fourty four problems were solved using the random data mentioned previously. The resul ts are shown in Copyright © by ORSJ. Unauthorized reproduction of this article is prohibited. Considering the above observations, it would appear that the algorithms proposed are efficient and stable. Particularly, the algorithm B would be efficient for large scale problems.
Conclusion
An application of Lagrange relaxation method and coordinatewise maximization technique for the HTPQ has been presented. The efficiencies and stabilities in the algorithms described in this paper are derived from the structure of the APQ studied in [10] .
The results indicate great promise for the algorithm and commend attempts to apply to other problems (the network transportation problems having quadratic shipping costs, the transportation-production problems having quadratic shipping costs) using this structure.
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t The amount of computati.on of Q is O«m+n) (mn)2) by usual method. [1] Copyright © by ORSJ. Unauthorized reproduction of this article is prohibited.
